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Arm pain is a complication following breast 
cancer surgery. This study examined the impact 
of breast surgery on the mechanosensitivity of 
upper quadrant neural tissues based on 
responses to a clinical provocation test. The 
responses of twenty patients to the ULTI 2a 
were recorded pre-operatively and six weeks 
post-operatively in terms ofthe available range 
of glenohumeral abduction and the area, nature 
and intensity of symptoms. The results indicated 
that there was a tendency towards increased 
neural tissue mechanosensitivity post-
surgically, judged by a significant reduction in 
glenohumeral abduction range and a variance 
in symptoms in the operated arm. Unexpectedly, 
range of abduction reduced bilaterally 
suggesting that central as well as peripheral 
mechanisms may be involved in this response. 
[Kelley SM and Jull GA: Breast ~urgery and 
neural tissue mechanosensitivity. Australian 
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Breast surgery and neural 
tissue mechanosensitivity 
he report from Australia's First 
National Breast Cancer 
Consensus Conference (1994) 
confirmed breast cancer as a major 
health problem. Most clinical trials 
have concentrated on the quantity of 
survival time rather than evaluating the 
quality of survival following diagnosis 
of breast cancer (S~ernsward et al 
1986). However some recent studies 
have highlighted the physical impact of 
surgery, particularly pertaining to the 
complication of arm pain 
(Keramopoulos et aI1993). Modified 
radical mastectomy and breast 
conservation therapy are two widely 
accepted forms of surgery for breast 
cancer (Fisher et al 1989). An axillary 
node dissection is often performed as 
part of a modified radical mastectomy 
or breast conservation therapy 
(Rosemond and Maier 1994) and is 
thought to be a primary source of post-
operative upper limb complications 
(Cady 1990). The most common post-
operative complications in the upper 
limb include lymphoedema, impaired 
shoulder motion, muscle weakness, 
arm pain and altered skin sensations 
(Vecht 1990). 
Physical involvement of the nervous 
system has been implicated as one of 
the causes of post-operative 
complications (Cherny and Portenoy 
1994). A number of nerves lie within 
and around the axilla and are in danger 
of physical compromise during the 
surgical removal of the lymph nodes. 
The post-mastectomy pain syndrome 
is thought to result mainly from 
surgical transection of the 
intercostobrachial nerve (Stevens et al 
1995) although other nerves in the 
region may also be involved 
(Rosemond and Maier 1994). The 
nervous system may be compromised 
by means other than surgical 
transection. Arm pain may result from 
metastatic infiltration, radiation 
fibrosis of the brachial plexus and 
entrapment of the plexus by 
lymphoedema (Vecht 1990). The 
brachial plexus can also be embarrassed 
by the mechanical trauma of surgically 
removing the potentially diseased 
lymph nodes (Adcock 1990). Cash 
(1958) hypothesised that the surgically 
induced inflammatory media caused 
impairment of electrical conduction via 
compression or chemical irritation of 
the nerves. He predicted that a 
reduction in shoulder movement may 
occur as the chords of the brachial 
plexus became fibrosed. 
Alternatively, the inflammatory 
mediators involved during the repair to 
the axilla following surgical insult may 
chemically irritate the neural tissues in 
the region (Butler and Slater 1995). 
Such irritation of the brachial plexus 
and peripheral nerve trunks may result 
in them becoming more responsive to 
provocative movements or stretch and 
this may contribute to post-operative 
arm pain and dysfunction. The muscle 
system reacts to protect the neural 
tissues when they are inflammed 
(Wright et al 1994). Hu et al (1995) 
showed that the application of a small 
fibre irritant to cranial meningeal 
tissues resulted in an increased EMG 
activity in the neck and jaw muscles. 
Hall and Quintner (1996) 
demonstrated that palpation over the 
nerve trunks of patients with cervical 
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radiculopathy was painful and was 
accompanied by increased muscle . 
activity not evid~nt in as~ptomat:1c 
subjects. There IS also ~Vl~ence that 
muscle activity acts to lIilllt movement 
to protect the nerves in neural tissue 
provocation tests (Balster andJull 
1997). 
A number of studies have implicated 
the increased sensitivity of neural 
structures to provocative sequences of 
upper quadrant movements in v~rious 
upper limb pain syndromes (Qumtner 
and Elvey 1993, Yaxley andJull1993). 
No studies to date have investigated 
whether neural tissues become more 
sensitive to such movements following 
surgery for breast cancer. This 
prospective study was conducted to 
investigate whether changes occurred 
in the pain and movement resp<;>nse to 
a clinical neural tissue provocat:1on test 
in patients with breast cancer who had 
undergone surgical intervention w?Jch 
included an axillary dissection. Pat:1ents 
were examined pre-operatively and 
post-operatively and both upper limbs 
were tested. It was hypothesised that 
following the breast surgery w~th 
axillary dissection, the ne"?-~al t:1ssue 
would become more sensltlve to 
provocative movements on the side of 
the surgical intervention. It was also 
hypothesised that increasing r:umbers 
of axillary nodes removed dunn?" 
surgery (indicating more extenSIve 
surgery) and the presence of c~ncerous 
nodes (their enlargement pOSSIbly 
acting as a mechanical irritant to t?e 
brachial plexus) would correlate With a 
greater loss of arm movement in the 
neural tissue test. Although the 
frequency of arm symptoms was noted 
pre- and post-operatively, no attempt 
was made in this initial study to 
differentially diagnose the source of . 
any arm pain suffered by the women m 
this group following breast cancer 
surgery. 
A modified version of the original 
upper limb neural tissue provocation 
test described as the upper limb 
tension test 2a (UL TT 2a, Butler 
1991) was used in this study to assess 
the sensitivity of the upper quadrant 
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neural structures to movement and 
tension pre- and post-operatively. The 
UL TT 2a was chosen as it does not 
require the large amount of 
glenohumeral abduction needed to 
perform the original upper limb . 
tension test (90-100 degrees), which 
may not have been available due to 
other causes in the acute post-
operative period (Keramopoulos et al 
1993). The UL TT 2a, which is 
reasoned to test the brachial plexus 
with bias on the median nerve, is 
comprised of an ordered sequence of 
shoulder girdle depression, elbow 
extension, glenohumeral external 
rotation, forearm supination, wrist and 
finger extension followed by 
glenohumeral abduc:tion. ~ recent 
investigation by Klemrensmk et al . 
(1995) into the distribution of tenSIle 
forces in the upper limb nerves 
provides evidence supporting :=he 
specific tensioning of the medIan nerve 
during this modified UL TT. These 
researchers used buckle force 
transducers to measure the tension in 
the median nerve. They found a 
significant increase in median nerve 
tension at the axilla and pronator teres 
muscle when glenohumeral abduction 
was added to the arm position used for 
the UL TT 2a, by comparison with a 
combination of 20 other limb 
sequences. In this current study the 
range of glenohumeral abduction 
available in the test position was 
measured to represent an index of 
neural tissue sensitivity to provocative 
movements. 
Other movements which can place 
further tension on the nervous system 
can be applied to the standard test 
position towards discerning if 
symptoms provoked by t?e test may be 
further linked to neural t:1ssue 
provocation. The discriminate validity 
of contralateral cervical lateral flexion 
has been proven as a sensitising 
movement for the UL TT to detect 
shoulder and arm symptoms with a 
cause in neural structures (Selvaratnam 
et al 1994). However, in this study, the 
involvement of the upper quadrant 
lymphatic system in the subjec?,' 
condition could be a confoundmg 
variable with use of this additional test 
component. The larger lymphatic 
vessels have been shown to be 
surrounded by an intrinsic nerve 
network (Williams et al 1989) and to 
avoid this variable, contralateral 
cervical lateral flexion was not added to 
the test in this study. 
Method 
Subjects 
Women diagnosed with breast cancer 
were included in the study if they 
received either a modified radical 
mastectomy or breast conservation 
therapy, with a unilateral Level 1 or 2 
axillary dissection. The extent of the 
dissection was determined by the 
surgeon on the basis of p~e-opera?ve 
tests and staging of the dIsease (Ai~en 
et aI1989). To eliminate variables m 
surgical procedure, all subjects were 
operated on by one surgeon. No age 
limit was specified, as age has not been 
found to influence responses to neural 
tissue provocation tests (Kenneally et 
al1988). Each subject included 
received the same post-operative 
physiotherapy exercise regime. This 
included generalised glenohunreral, 
elbow, wrist and hand joint mobility 
exercises. Exercises to restore range of 
glenohumeral abduction and flexion 
were commenced on removal of the 
wound drain. 
The presence of any arm symptoms 
was noted pre- and post-operatively 
but subjects were excluded from the 
study pre-operatively i~ they ?~d 
reduced mobility or pam on Jomt range 
of movement tests, including cervical 
quadrant, glenohumeral ~bduct~on, 
elbow flexion and extensIOn, Wrist 
flexion and extension and finger flexion 
and extension. Volunteers were not 
considered if they had any previous 
history of surgery or radiotherapy to 
their upper quadrant or if they had any 
previous pain in their shou~der that 
had required treatment or mterrupted 
their normal activities of daily living. 
Subjects were excluded pos~- . 
operatively if they had any mcrease m 
ipsilateral arm volume, even though 
the presence of lymphoedema 
correlates with brachial plexus 
entrapment (Vecht 1990). 
Lymphoedema itself can cause a 
restriction in mobility which could 
confuse interpretation of results. 
Over a period of 12 months, a total of 
27 women with breast cancer were 
found to be suitable and volunteered to 
participate in this study. Seven subjects 
were excluded. Reasons included 
language related problems (3) and the 
presence of post-operative 
lymphoedema (2). Two were lost to 
follow up. The 20 subjects who 
completed the study ranged in age 
from 36 to 75 years. Seventeen women 
had undergone breast conservation 
surgery and the remaining three, a 
modified radical mastectomy. The 
subjects were not divided into surgical 
groups, as it is suggested that the 
axillary dissection is the most 
significant factor involved in post-
operative arm morbidity (Cady 1990). 
Prior to the commencement of this 
investigation, ethical approval was 
received from both the Mater Adult 
Hospital and The University of 
Queensland Medical Ethics 
Committee. Each volunteer signed a 
consent form following a full 
explanation of the study. 
Apparatus and measurements 
The neural tissue provocation 
test 
The neural tissue provocation test 
(UL TT 2a) was performed by an 
independent assessor who was an 
experienced manipulative 
physiotherapist. Several pieces of 
apparatus were used to standardise 
application of the test between subjects 
and between repeated assessments. A 
pressure sensor (Stabilizer, 
Chattanooga South Pacific) was used 
to monitor and standardise the 
pressure applied to produce shoulder 
girdle depression between tests and 
subjects. A pilot study by Edgar et al 
(1994) determined that a pressure 
increase of 40mmHg, from a baseline 
of 20mmHg, was suitable to apply a 
standard scapular depression force 
between subjects. The subject was 
positioned consistently and various 
restraints were used to control their 
posture during application of the test. 
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These included two seatbelts to 
stabilise the thorax; a small Velcro 
strap to maintain upper cervical mid-
position and two wooden blocks with 
metal clamps to preserve a neutral 
position of the cervical spine in the 
coronal plane. A standard goniometer 
was used to measure the available 
range of glenohumeral abduction in 
the final test position. Modifications to 
the standard goniometer were 
necessary to allow access to landmarks. 
These alterations involved trimming of 
the centrepiece of the goniometer. 
The sensory responses elicited by the 
UL TT 2a were recorded. Each subject 
was asked to describe any sensation 
perceived and its distribution during 
the UL TT la. This information was 
recorded on a body chart. Subjects 
rated the intensity of any symptoms 
with the test using a visual analogue 
scale (VAS). 
Arm circumference 
measurement 
If lymphoedema was present in the 
acute post-operative period the subject 
was excluded. The presence of 
lymphoedema was indicated by an 
increase in arm circumference of two 
hundred or more millimetres measured 
at two intervals on the limb 
(Keramopoulos et aI1993). For 
measurement of the arm 
circumference, the subject was 
positioned in supine with their arm by 
their side. A specially designed flat 
board, graduated at 100mm intervals, 
was used to improve the accuracy of 
the limb circumference measurement. 
The board was positioned between the 
arm and the side of the subject. Guided 
by the intervals on the board, 
measurements were taken by an 
assistant at points on the arm 30cm 
and 55cm from the tip of the middle 
finger. A standard tape measure was 
used and care was taken to avoid 
compression of the soft tissues of the 
arm by the tape. 
Procedure 
On presentation to the pre-operative 
clinic, medical staff assessed the 
suitability of potential candidates. If 
the patients were willing to be involved 
in the study, the chief researcher was 
contacted. A full explanation of the 
experimental procedure was then given 
to the patient. The subjects were tested 
prior to surgery and six weeks after 
surgery. The six-week review 
coincided with the patient's routine 
post-operative medical appointment 
and allowed enough time for the acute 
post-operative pain to settle. On both 
occasions, the presence of sensory 
symptoms in the arm was assessed and 
the arm circumference measurement 
was taken prior to the UL TT la. Both 
arms were tested and the sequence of 
the test procedure was alternated from 
side to side between successive 
subjects. At the first examination, a 
screening assessment for the cervical 
spine, shoulder, elbow, wrist and 
fingers was undertaken by the 
researcher to ensure that the subjects 
had normal motion. If not, they were 
excluded. 
Following these screening tests, the 
arm circumference measurement was 
taken using the graded board. The 
UL TT 2a was then performed. For the 
test, the subject was supine lying with 
trunk and head position secured. The 
arm not being tested was positioned by 
their side. Reference points on the 
medial epicondyle of the elbow and the 
bicipital groove of the humerus were 
then marked in ink on the side to be 
tested to allow for goniometric 
measurement. Prior to the application 
of the UL TT la, the wrist and finger 
flexors were placed on stretch for 10 
seconds as a pretest muscle stretch 
(Yaxley and J ull 1991). The pressure 
cuff was then folded in three and 
fastened with clips so that it fitted 
across the top of the subject's 
ipsilateral shoulder girdle. The 
independent examiner then placed the 
pressure sensor between her thigh and 
the subject's shoulder girdle with the 
cuff preinflated to 20mmHg. 
For performance of the test, the 
independent examiner depressed the 
shoulder girdle so that a reading of 
60mmHg was registered. The subject's 
elbow was fully extended, the shoulder 
externally rotated, the forearm 
supinated and the wrist and fingers 
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extended. The glenohumeral 
abduction component was taken to ~he 
end of range defined as the perceptIOn 
by the examiner of firm tissue 
resistance (Edgar et al 1994). The 
range of glenohumeral abduction was 
recorded by an assistant using the 
goniometer. One ~rm of t:?e 
goniometer was alIgned WIth the 
marked reference points whilst the 
other arm was parallel to the subject's 
trunk. In this position, the area and 
nature of sensory response were sought 
from the subject and recorded on a 
body chart. The subject marked the 
intensity of sensory response on a 
VAS. The same procedure was 
followed on the contralateral arm. 
The subjects presented again six 
weeks after surgery and were 
questioned regarding the presence of 
any upper limb sensory symptoms. 
Arm circumference was measured and 
if the subject was found to have an 
increase of more than 200mm from 
any of the baseline circumferential 
measurements, they were excluded 
from further testing. If the subject was 
retained in the study, the UL TT 2a 
was performed on each arm as 
previously outlined. 
Reliability and repeatabilty 
Intertester reliability trials were 
undertaken to establish the accuracy of 
the examiners in applying the tests in 
this study. Five female volunteers over 
40 years of age were recruited. This 
age group was chosen to coincide with 
that of the potential subjects in the 
main study. For the arm circumference 
test, each arm of the five subjects (10 
observations) was tested three times on 
one day by the assistant and an 
physiotherapist experienced in the field 
oflymphoedema. For the UL TT 2a, 
the same number of trials were 
conducted by the independent 
examiner and an experienced 
manipulative physiotherapist. In ea~h 
trial, the same procedure as the maIn 
trial was followed. 
Intra-examiner repeatability trials 
were conducted to determine if the 
assistant could reproduce the 
measurement of the arm circumference 
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test and if the independent examiner 
could reproduce the UL TT 2a and the 
range of glenohumeral abduction 
consistently. Five subjects were tested 
using each arm (10 observations) over 
two consecutive days. 
Data management 
Inter-therapist reliability was assessed 
using both a one way analysis of 
variance (ANOVA) and a Pearson 
correlation coefficient (r). The 
combined use of these tests investigates 
whether examiner means are not 
significantly different and the examiner 
results are positively correlated, 
indicating consistency in the 
measurement process (Hall 1994). The 
error for the repeated measures within 
(inter-therapist) and between (intra-
therapist) days was calculated from an 
ANOVA from which the root mean 
square error (RMSE) was derived. 
A repeated-measures AN<?VA was. 
chosen to investigate any dIfferences In 
pre and post-surgical range of 
glenohumeral abduction i? ~e UL TT 
2a position. The level of slgmficance 
was selected at 95 per cent confidence 
level (p < 0.05). A Pearson product 
correlation analysis was applied to 
investigate the relationship betwee~ 
any change in glenohumeral abductIOn 
and the number of lymph nodes 
removed. An ANOVA was also 
performed to examine whether 
histological nodal status had an effect 
on the range of glenohumeral 
abduction. The location and quality of 
the sensory responses to the UL TT 2a 
were grouped into categories for 
descriptive analysis based on 
similarities of area and included the 
cubital fossa, the axilla, the whole arm 
and the region supplied by the median 
nerve. The intensity of the subject's 
response to the UL TT 2a was 
measured using a visual analogue scale 
and a Pearson product correlation 
analysis was performed t~ asses~ the 
relationship between the IntenSIty of 
sensory response and the angle of 
glenohumeral abduction pre- and post-
operatively. 
Results 
Results of the inter-therapist reliability 
studies indicated that there were no 
significant differences between 
examiners for arm circumference 
measurements (F(120) = 0.03, P = 0.86) 
or for measurements of shoulder 
abduction in the UL TT 2a 
(F = 0.07, P = 0.79). Additionally, 
(1,44) hi hI 
examiner measures were g y 
positively correlated (arm 
circumference test, r = 0.99; UL TT 2a, 
r = 0.81). The average of all arm 
circumferential measurements taken at 
both sites in the arm was 2200mm with 
a RMSE of 9mm. The average range 
of glenohumeral abduction calculated 
between the examiners over the three 
trials was 47 degrees. The RMSE 
calculated over the three trials on the 
one day was 3 degrees. 
The results of the intra-therapist 
repeatability studies indicated that the 
average of all arm circumferential 
measurement taken at both sites on the 
arm on both days was 2200mm with a 
RMSE calculated from an ANOVA of 
2mm. The average range of 
glenohumeral abduction measured in 
the UL TT 2a over all the trials was 47 
degrees. The RMSE over all trials over 
two days was 3 degrees. The level of 
intra-examiner variability was deemed 
by the authors to be clinically 
acceptable in both test procedures. 
Prior to surgery, 20 per cent of the 
subjects were aware of a mild feeling in 
the shoulder or axilla, which might be 
indicative of the swollen nodes in the 
axilla irritating the region. During the 
operation, the nerves in the region of 
the axilla were preserved by the 
surgeon in all subjects, as confirmed in 
the surgical notes. Following surgery, 
80 per cent of the women report.ed 
symptoms in the affected arm. FIfty 
per cent of these su~jects had . 
symptoms in the aXilla and medIal 
upper arm. The remainder of the 
women reported symptoms further 
down the upper limb. The subjects 
described the symptoms as feelings of 
tightness, dragging, aching, burning, 
paraesthesia and numbness. 
The mean values of the ranges of 
glenohumeral abduction i~ the UL TT 
2a position are presented In Table 1. 
Some differences were observed 
between the surgical side and the non-
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Table 1. The means and standard deviations of 
glenohumeral abduction range comparing the side tested 
pre- and post-operatively. 
Table 2. The mean and standard deviation of intensity of 
symptoms Visual Analogue Scale (VAS), reported in the 
ULTT 2a pre- and post-operatively. 
Pre-operative Post-operative 
degrees degrees 
mean (SD) mean (SD) 
Surgical side 
Non-surgical side 
44 ( 12) 
50 (13 ) 
surgical sides, even before surgery. 
Post-operatively the range of 
abduction in the UL TT 2a was 
reduced in both arms although the 
magnitude of the mean reduction was 
greater on the surgical side. 
The results of the ANOVA indicated 
that the observed differences in range 
of movement pre and post-operatively 
were significant (p( 19) = 35.5, 
P < 0.001) as were tiie differences 
recorded between each side 
~P(I,19) = .18.8,p < 0.001). However, the 
mteractIOn between these factors failed 
to reach significance (P(!19) = 1.94, 
P = 0.18) indicating, contrary to 
expectations, that there was a similar 
pattern of reduction in range of 
glenohumeral abduction on both the 
surgical and the non-surgical sides, the 
magnitude of the reductior.. on the 
surgical side not being significantly 
greater. 
The number of axillary nodes 
removed during surgery ranged from 
seven to 25. Forty per cent of the 
subjects were found to have 
histologically positive axillary lymph 
nodes indicating metastatic disease. An 
ANOVA indicated that the nodal 
status (benign/cancerous) did not have 
a significant effect on the range of 
glenohumeral abduction (p(! 19) = 0.8, 
P < 0.4) pre or post-operatively. 
Furthermore the results of the 
Pearsons product correlation analysis 
indicated that there was no 
relationship between the number of 
nodes removed and the loss of 
glenohumeral abduction post-
surgically (r = 0.27, P = 0.24). 
The locations of the sensory response 
to the UL TT 2a were analysed for 
both arms pre- and post-operatively. 
33 (11) 
43 (13) 
Surgical side 
Non-surgical side 
Pre-operatively, the cubital fossa was 
the main site of any symptoms 
(approximately 60 per cent) with other 
sites being the region of the axilla or 
the path of the median nerve. Despite 
some observed differences in range of 
glenohumeral abduction between sides 
pre-operatively, the area of symptoms 
did not appear to differ. There was no 
substantial difference in the location of 
symptoms with the test post-
operatively on the non-surgical side. 
However, the sensory response became 
more variable on the surgical side, with 
reports now involving the whole arm, 
bands around the upper arm and 
symptoms in the distribution of the 
median nerve. 
During the UL TT 2a, a feeling of 
stretch, pulling or tightness was the 
most common description reported 
(80 per cent) pre-operatively regardless 
of the arm tested. Subjects reported 
the same type of symptoms in the non-
operated arm following surgery. On 
the operated side, 50 per cent of 
subjects recounted feelings of stretch 
or tightness but other sensations now 
reported included pins and needles (25 
per cent), burning (20 per cent) and 
aching (5 per cent). 
The mean intensity of symptoms 
reported in the UL TT 2a in all 
conditions is presented in Table 2. 
Little difference was observed overall 
though, interestingly, seven of the 20 
subjects reported a decrease in 
intensity of symptoms with the UL TT 
2a post-operatively on the surgical 
side. No correlation was found 
between the range of glenohumeral 
abduction in the UL TT 2a and the 
intensity of symptoms post-operatively 
on the surgical side (r = -0.02, P = 0.90) 
Pre-operative 
VAS 
mean (SD) 
4.6 (2.1) 
4.7 (2.3) 
Post-operative 
VAS 
mean (SD) 
5.8 (2.4) 
4.4 (2.4) 
and there was only a weak link between 
the variables on the non-surgical side 
post-operatively (r = 0.37, P = 0.02). 
Discussion 
Arm pain is a known post-operative 
complication following surgical 
intervention for breast cancer. This 
study examined the impact of breast 
surgery on the responses to a neural 
tissue provocation test, as a basis for 
further study into the possible 
contributing role of neural tissues in 
development of arm pain. 
The results of this investigation 
indicate that surgery for breast cancer 
influenced the responses of the neural 
tissues to provocative movements. 
There was a significant decrease in 
glenohumeral abduction range in the 
UL TT 2a post-operatively but, 
contrary to expectations, it occurred 
both on the surgical and non-surgical 
sides. The magnitude of the mean 
reduction was greater on the surgical 
side but it was not significantly 
different to the non-operated side. 
There was some change in the area and 
intensity of sensory responses to the 
test and these were predominantly on 
the surgical side. On this side, the area 
of symptoms became more widespread 
and while descriptions of stretch and 
tightness predominated, nearly 50 per 
cent of subjects also complained of pins 
and needles or a burning sensation. 
These adjectives have been linked to 
symptoms mediated by the nervous 
system (Cherny and Portenoy 1994). 
The mean intensity of symptoms 
during the UL TT 2a did not increase 
markedly on the surgical side and 
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actually decreased slightly on the non-
surgical side, even though the range of 
glenohumeral abduction in the neural 
tissue test position was found to 
decrease. No correlation was found 
when these two factors were compared 
and this result is contrary to what 
might be expected. Interestingly, seven 
subjects reported a decrease in ~e 
VAS with the UL TT 2a followmg 
surgery, which may account for these 
results. It could be speculated that 
these women were more able to 
estimate their true level of pain in the 
post-surgical test as they were able to 
compare the intensity of pain with the 
UL TT 2a to that they had experienced 
generally in the acute post-operative 
period. 
The basic research by Kleinrensink et 
al (1995) indicating that the UL TT 2a 
tensions the median nerve in the axilla, 
the reduction of range in the test 
sequence on the affected side post-
operatively and the nature of the 
symptoms elicited by the test in the 
subjects in this study suggest that the 
neural tissues could have been affected 
by the surgery. Nevertheless, there 
were some unexpected findings. The 
decrease in glenohumeral abduction in 
the UL TT 2 a occurred in both arms 
post-operatively and there was. a pre-
operative difference between sIdes not 
generally found in other studies 
(YaxleyandJuIl1991). This suggests 
that a number of factors may have 
contributed to this outcome rather 
than just a simple model of increa~ed 
neural mechanosensitivity or tensIOn as 
a local and confined sequelae to 
surgery on the involved side. These 
may include both peripheral 
nociceptive and central nervous s>:"stem 
influences as well as local mechamcal 
or inflammatory factors. 
Recently, a number of researchers 
have linked the restrictions of range of 
limb movement in neural tissue 
provocation tests for the upper and 
lower quadrants to the presence of 
protective muscle spasm, triggered by 
the mechanosensitivity of neural 
tissues (Balster and J ull 1997, Hall and 
Quintner 1996). Specifically, the flexor 
withdrawal reflex is thought to be 
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responsible for preventing movement 
of the limbs, which could result in 
further insult to the nerve. Hall et al 
(1995) measured the 
electro myographic responses in the 
hamstring muscles during neural tissue 
provocative manoeuvres and found a 
relationship between increased muscle 
activity and pain in symptomatic . 
subjects. This work, as well as th~l~ 
studies on widespread muscle aCTIVIty 
in response to palpation o.f upper lim? 
nerves exhibiting me cham cal allodyma 
in patients with cervical radiculopathy 
(Hall and Quintner 1996), led these 
authors to suggest that the increase in 
muscle activity in symptomatic patients 
was the motor correlate of central 
sensitisation. The presence of central 
sensitisation, propagated by local 
neural irritation and the flexor 
withdrawal response, may not only be a 
primary consideration underlying tJ:e 
restrictions in glenohumeral abducTIon 
found on the surgical side in patients in 
this study but may also lend 
explanation to the decrease in range 
observed on the non-surgical side 
which cannot be readily attributable to 
the surgical event. 
The presence of a hyper-reactive 
flexor withdrawal reflex may likewise 
explain the difference in range of 
glenohumeral abduction in the. neural 
tissue test observed pre-operaTIvely 
between the two sides. Fear of 
movement on the cancerous side, or 
anticipation of pain, may act to 
decrease the threshold of this response 
and result in avoidance behaviour, 
including voluntary muscle 
contraction, which may reduce the 
ranae of glenohumeral abduction prior 
to a~y actual tissue compromise (Craig 
1994). It could also be possible to 
speculate that the potentially diseased 
lymph nodes in the axilla may irritate 
the neural tissues mechanically and 
chemically pre-operatively. However, 
the mild feelings reported in the axilla 
by four of the 20 subjects pre-
operatively was not linked to the 
presence of diseased nodes. 
Additionally, post-operative range of 
glenohumeral abduction was not 
related to nodes found to be cancerous. 
Surgery to the axilla may directly or 
indirectly irritate the brachial plexus 
via mechanical or chemical trauma. 
The physical trauma associated with a 
surgical incision and removal of the 
potentially diseased lymph nodes 
results in an influx of inflammatory 
mediators to the region surrounding 
the brachial plexus. No nerves were 
transected during surgery in the , 
women included in the study but 
extraneural post-surgical oedema may 
have become organised and led to an 
ongoing process of irritation of the 
nervous tissue (Butler and Slater 1995). 
It is normal medical practice to advise 
the patient to refrain from through 
range glenohumeral mobilisation until 
the drain is removed from the wound 
site, to prevent disruption of the 
lymphatics in the region (Lotze et al 
1981). This period of relative 
immobilisation may set the 
environment for fibrosis and scarring 
around the neural tissues. 
The acute inflammatory response is 
thought to last three to four days and 
the amount of oedema in the region is 
thought to be proportional to the 
extent of tissue damaged (Saunders 
1990). Keramopoulos et al (1993) also 
used the number of axillary nodes 
removed as an indicator of the amount 
of trauma to the region and found that 
the extent of trauma correlated with 
the presence of arm pain. This study 
did not attempt to link these two 
factors, however when the correlation 
between the number of nodes removed 
and the loss of glenohumeral abduction 
post-operatively was assessed, they did 
not appear to be associated, as 
originally hypothesised. Nor was the 
histological status of the nodes found 
to be related to loss of glenohumeral 
abduction. These results may confirm 
that peripheral factors alone are 
unlikely to be responsible for the 
change in responses to the UL TT 2a 
following surgery for breast cancer and 
a more complex interaction of central 
and local events underlies the increased 
responsiveness to neural tissue 
provocation tests found in this study. 
Conclusion 
This investigation of women who have 
undergone surgical intervention for 
breast cancer suggests that the neural 
system becomes more sensitive to 
mechanical provocation tests post-
operatively. This may be a factor in the 
development of post-operative arm 
pain and further study is needed to 
investigate the long term effects of 
increased neural tissue 
mechanosensitivity and the 
relationship between neural tissue 
sensitivity, arm pain and shoulder 
mobility. Such information would be 
useful to guide future studies into the 
causes and treatment strategies for arm 
pain which may need to address these 
responses to neural tissue provocation 
tests in persons following surgery for 
breast cancer. 
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